Existing cross-sectional findings on non-financial firms" use of derivatives are consistent with both hedging and speculative interpretations. An examination using panel data can distinguish between derivatives practices that endure over time, and are therefore more likely to result from hedging, and those that are more transient, thus more consistent with speculation. Our decomposition results indicate that hedging of interest rate risk is concentrated among high investment firms, consistent with the presence of costly external finance. Simultaneously, firms appear to use interest rate swaps to speculate when their executive compensation contracts are more performance sensitive and to manage earnings. * This paper is primarily funded by a grant from the FDIC Center for Financial Research; we thank the Center for its gracious financial support. We thank
I. Introduction
Why do non-financial firms use interest rate derivatives? Are they hedging interest rate risk to reduce the expected costs of financial distress (Smith and Stulz (1985) )? To lower the expected tax payments under a convex tax schedule (Smith and Stulz (1985) )? To avoid costly external financing by better matching internal cash flow with financing needs (Froot, Scharfstein, and Stein (1993) )? To reduce the volatility of executive compensation (DeMarzo and Duffie (1995) )? Or are they using interest rate derivatives to speculate on movements in interest rates and to manage earnings (Bodnar, Hayt, and Marston (1998), Faulkender (2005) , and Geczy, Minton, and Schrand (2007) )?
A significant body of work in the empirical risk management literature has been trying to improve our understanding of how firms use derivatives. 1 The identifying assumption in nearly all of this literature has been that firms use derivatives for hedging. Thus, firm characteristics correlated with derivatives usage are interpreted as capturing the costs and benefits of hedging.
And the existing literature finds correlations offering support for nearly all theories of hedging.
However, if, as the survey evidence suggests, firms use derivatives not only for hedging but also for speculation, then it is no longer clear how to interpret the existing empirical results.
For example, are leverage and use of interest rate derivatives positively correlated because the tax deductibility of interest incentivizes hedging to increase the amount of leverage that firms can sustain (Graham and Rogers (2003) ), or because greater debt levels entail larger benefits from successful speculation? Similarly, do high-powered executive compensation contracts motivate more hedging, because managers internalize part of the surplus created through hedging (Chava and Purnanandam (2007) ), or more speculation, because given their highly convex compensation contracts managers capture some of the benefits but not the costs of speculation? Do significant investment opportunities encourage firms to hedge, so that they can fund investment internally and avoid costly external financing (Froot, Scharfstein, and Stein (1993) )?
Or are they more likely to use derivatives to speculate in an effort to lower their cost of funds?
Unfortunately, these types of questions are very difficult to answer with the crosssectional data on derivatives usage over short period of times such as a single fiscal year that most existing analyses have been limited to. 2 In this paper we argue that only an examination using panel data can distinguish between hedging and speculative motivations for using derivatives. If firms are truly hedging, then previously documented cross-sectional relationships between firm characteristics and derivatives usage should be observed not only in the time period examined in a given study but in all other years as well. Assuming that non-financial firms" exposure to interest rate risk is stable over time, the firms" optimal interest rate hedge ratio should stay constant as well, and we should observe the same correlation between firm characteristics and derivatives usage in different periods. If, on the other hand, the relationship between a given firm characteristic, for example executive compensation, and derivatives usage varies from year to year depending on the interest rate environment, then this characteristic is more likely to capture speculative rather than hedging motivations.
The first step in assessing whether inclusion of the time series dimension might alter the interpretation of previous findings is to document the variation in interest rate derivatives usage over time and to compare it to the variation in the cross-section. Using our hand-collected data covering interest rate swap activity for 1,854 firms for up to ten years, we find that the time series variation in swap usage is of similar magnitude as the cross-sectional variation. Among firms using interest rate swaps at least once during our sample period, the average standard deviation over time of firm-level swap usage is equivalent to the standard deviation of the average swap usage across firms.
To the extent that firms are not significantly altering the interest rate exposure of their operations, their interest rate hedging activities should not vary significantly over time. Unless their underlying liability structure is similarly changing over time, evidence that derivatives usage does vary significantly over time is consistent with firms using interest rate derivatives to speculate. This does not mean that firms are not also hedging; in fact we argue that firms are doing both. However, if speculative activities vary with cross-sectional differences across firms, then previously documented cross-sectional determinants of derivatives usage may have been mischaracterized as capturing the costs and benefits of hedging and may instead be crosssectional determinants of speculative activities.
In light of the documented time series variation, a more careful empirical approach to documenting hedging activities is required. Following Faulkender (2005), our primary empirical analyses are of the final interest rate exposure of the firm"s debt, i.e., after adjusting the original interest rate exposure of the firm"s debt for its interest rate swap activity. Since the purpose of a swap contract is to alter the interest rate exposure of the firm"s debt, it is the ultimate interest rate exposure of their debt to which firms are managing. If firms manage towards a target fixed/floating mix because they perceive significant value benefits from hedging, their average hedge ratio during the sample period should be explained by average firm characteristics theorized to create hedging benefits. Estimates from both Fama-MacBeth and "between" specifications allow us to capture these enduring effects.
Our results are consistent with firms using interest rate swaps to hedge, i.e., matching the interest rate exposure of liabilities to that of operating cash flows. Such hedging activity is concentrated among firm-years with high levels of capital expenditures (as a percentage of assets). High investment firms whose cash flows rise when short-term interest rates increase and fall when short-term interest rates fall use more floating rate debt than high investment firms whose cash flows have the opposite interest rate sensitivity. Such risk management practices make it more likely that internally generated cash flows will cover both the firm"s interest expenses and its investment needs. This evidence is consistent with the model of Froot, Scharfstein, and Stein (1993) , who show that firms may benefit from risk management if they confront costly external financing and have valuable investment opportunities.
We also find that more levered firms, those with a greater portion of their debt being long-term, and those that engage in more R&D use less floating rate debt, consistent with interest expense volatility being particularly costly for these firms. However, we do not find that firms with these characteristics engage in more matching of the interest exposure of their liabilities to that of their cash flows, as would be consistent with hedging. We also fail to find evidence that executive compensation structure is associated with firm hedging activities.
In contrast to hedging, the firm"s speculative activities can be characterized as the deviations from its optimal hedging position as a result of the firm"s views about the interest rate environment. To the extent that firms" average interest rate risk management activities capture their desired hedging position, deviations from that average should capture most of the speculative activities of firms. Econometrically, this is what a firm fixed effects (within) specification accomplishes. By allowing each firm to have its own unique intercept term, the within specifications remove the firm"s average interest rate swap activity, and estimate the extent to which independent variables explain movements away from the firm"s average hedge ratio across time.
We find that the time series variation in interest rate derivatives usage is significantly explained by movements in the term structure, consistent with Faulkender (2005) . This effect is stronger for firms in which compensation of senior management is more sensitive to (stock)
performance. These results are robust to alternative measures of executive compensation and are consistent with Geczy, Minton, and Schrand (2007) , who using survey data find that nonfinancial firms whose managers have high-powered incentives are more likely to use derivatives for speculative purposes. We also find interest rate timing to be greater in years in which firms are more likely to have managed earnings, consistent with interest rate swaps being used to meet earnings forecasts. Since interest rate swaps move earnings across time in ways that are rather predictable in the first year, they can serve as a substitute to accruals and other previously documented earnings management devices. Overall, our findings suggest that firms are using derivatives to hedge and to speculate.
The rest of the paper is organized as follows. Section III describes in more detail our empirical strategy of distinguishing the time-series and cross-sectional factors that explain the variation in the use of interest rate derivatives by non-financial firms. Section III describes our data, in particular our measures of interest rate swap usage, the share of outstanding debt that is floating after accounting for the effects of interest rate swaps, and the cross-sectional versus time-series statistics of these activities. Section IV presents our benchmark multivariate analysis for the entire panel. The cross-sectional determinants are examined in Section V followed by an analysis of the time-series effects in Section VI. Section VII concludes.
II. Empirical Strategy
The identifying assumption of nearly all of the empirical risk management literature has been that firms use derivatives for hedging. Thus, variables explaining variation in derivatives usage are interpreted as capturing the costs and benefits of hedging. However, if firms are also using derivatives for speculative reasons, it is no longer clear how to interpret the existing empirical results, and variables documented as explaining variation in derivatives usage can just as appropriately be interpreted as capturing the costs and benefits of speculation. For instance, do performance sensitive compensation contracts or high leverage levels incentivize hedging or speculation? Testing theories of hedging thus requires separating the speculative and hedging components of risk management policies.
Econometrically, a "between" specification in a panel data set regresses the mean of the dependent variable on the means of the independent variables. Similarly, the Fama-MacBeth (1973) approach estimates the cross-sectional variation each year and then averages the estimated coefficients over the sample period. We argue that these methodologies enable the identification of the hedging components of firm risk management practices. If a firm"s risk exposure is constant over time, the optimal hedge ratio remains constant. If firms are hedging, their risk management activities should be centered around that constant optimal hedge ratio.
While firms" speculative activities may move them away from their optimal hedge ratio at a particular point in time, a panel covering a sufficiently long time period should generate an estimate of the mean risk management activity that is an unbiased estimate of that optimal hedge ratio. In that case, coefficient estimates from between regressions could appropriately be interpreted as explaining the cross-sectional variation in optimal hedge ratios. Likewise, FamaMacBeth specifications capture the cross-sectional relationships that endure over time.
A firm-level "within" specification regresses the firm-specific deviations from the mean of the dependent variable on the firm-specific deviations from the means of the independent variables. We argue that results from firm-level "within" regressions can be interpreted as explaining speculative activities since these specifications focus on movements away from our estimate of the firm"s constant hedge ratio. The coefficients generated by this specification explain which firm variables are associated with deviations from the firm"s average position. As such, significant coefficients estimated in "within" specifications are more likely associated with the speculative activities of the firm. This decomposition enables us to determine which previously documented variables affecting variation in risk management activities have been properly characterized as the result of hedging from those that are actually speculative in nature.
We examine non-financial firms" use of interest rate swaps, the derivative that according to the Office of the Comptroller of the Currency accounted for most of the outstanding notional value of derivatives over our sample period. We do not include currency and commodity transactions as we do not have the pre-hedging outcomes necessary to estimate firm-level exposure to hedgeable risks. 3 These transactions are generally included with the operating activities of firms because they offset operating revenues or expenses. Interest rate swaps are included with interest expense and therefore are separate from operating activities, enabling prederivatives usage estimation of the sensitivity of the firm"s operations to interest rates.
Our identifying assumption is that non-financial firms" exposure to interest rate risk should be stable over time. If a manufacturing firm expects that its cash flows will be lower if interest rates are high next year and higher if interest rates are low, these expectations are likely to be the same many years later, as long as the firm does not significantly alter its operations. As a result, a firm"s optimal interest rate hedge ratio should stay relatively constant over time. On the other hand, a firm"s beliefs on the direction of interest rates will likely vary significantly with market conditions leading their interest rate exposure to move with changes in those beliefs. If firms are both hedging and speculating on movements in interest rates, one can empirically model firms" interest rate risk management practices as having a target hedge ratio driven by the interest rate sensitivity of their operations with deviations from that target driven by firms" interest rate views. When a firm believes that interest rates are going to rise more than implied by the term structure, it will deviate from its optimal hedge ratio by using more fixed rate debt or by entering into pay-fixed interest rate swaps, depending upon which transaction is less costly for the firm. 4 The opposite holds for firms that believe that interest rates are going to rise less than implied by the term structure. Over time, average hedge ratios should approach the firm"s optimal hedge ratio and market timing activities can be captured by the difference between the observed hedge ratio and its firm-specific time-series average.
As indicated above, firms can use interest rate swaps to hedge or speculate in interest rate markets but they can also do so via the choice of the interest rate exposure of their debt. As pointed out by Faulkender (2005) , a firm that issues a floating rate debt security and then swaps that debt security to a fixed rate exposure (using an interest rate swap that matches (1) the face value of the debt to the notional value of the interest rate swap, (2) the frequency of interest payments, (3) the index of the floating rate, e.g. 6-month LIBOR, and (4) the maturity of the debt) has the same interest rate exposure as a firm that issued a fixed rate liability. Therefore, we will look at both the interest rate swap activities of the firm and the interest rate exposure of the firm"s debt. After all, it is the combination of these choices that determines the overall interest rate exposure of the firm"s liabilities.
III. Data and Summary Statistics

A. Construction of the Data Sample
We start with the sample of non-financial firms in Compustat"s ExecuComp data set during the 1993-2003 period and augment it with hand-collected data on interest rate swap usage by each firm in our sample. 5 Specifically, we use 10-Ks in EDGAR to record 1) the amount of floating rate long-term debt and 2) the notional amounts and directions of interest rate swaps outstanding at the end of each fiscal year. Using these hand-collected data, we calculate the net floating swap amount as the pay-floating-receive-fixed notional amount minus the pay-fixedreceive-floating notional amount. We divide the net floating swap amount by the debt outstanding at the end of the fiscal year, generating the net share of the firm"s debt that is swapped to floating, taking values between -1 (all debt swapped to fixed) and 1 (all debt swapped to floating). The absolute value of this variable represents the net amount of interest rate swaps outstanding at the end of the fiscal year as a share of the firm"s total debt.
We then combine the underlying floating rate debt amount with the net notional value of floating rate swaps to calculate the amount of the firm"s debt that is floating after accounting for interest rate swap effects. Dividing this variable by the firm"s total debt level yields the share of floating rate debt after interest rate swap effects (taking values between 0 and 1). 6 Overall, after dropping observations that do not have any debt or do not provide enough information in their 5 Focusing on the ExecuComp set of firms allows us to examine the effects of managerial characteristics, in particular executive compensation, on risk management practices. Also, these firms are larger in size and therefore account for most of the dollar volume of interest rate swaps used by non-financial firms. The choice of the sample period is governed by the availability of 10-Ks in EDGAR and by the fact that the Compensation Disclosure Act of 1993 required firms to report individual compensation items for the top five executives. 6 The details of how these variables are constructed are available in the Data Appendix.
10-Ks to determine the amount of floating rate long-term debt and the notional amounts of outstanding interest rate swaps, we are left with 11,261 firm-year observations.
Our explanatory variables come from recent papers in the literature Rogers (2002), Faulkender (2005) , and Chava and Purnanandam (2007)), and include controls for the debt structure of the firm, variables related to the state of the macroeconomy, the financial condition of the firm, and compensation measures. Our measures of the debt structure that were not hand-collected come from the balance sheet data obtained from Compustat. We calculate market leverage as total debt (long-term debt plus debt in current liabilities) divided by the market value of the firm, calculated as book assets minus book equity plus the product of the share price at the end of the fiscal year and the number of shares outstanding. We also calculate the percentage of debt that has more than five years to maturity as the difference between the overall amount of long-term debt and debt maturing in years two through five, divided by total debt. Following Faulkender and Petersen (2006), we define a binary variable indicating whether the firm has a debt or commercial paper rating to capture access to the public debt market.
The firm"s financial condition may also impact its target fixed/floating mix. Motivated by the work of Froot, Scharfstein, and Stein (1993) , we include various measures of firm investment such as the sum of capital expenditures and acquisition expenditures scaled by book assets, which we label as investment and R&D expenditures scaled by book assets. 7 All of these are intended to measure the benefit of generating internal cash so that these investments can be made without reliance on external capital markets. We use the natural log of sales to measure firm size.
Finally, we estimate the sensitivity of the firm"s free cash flow to interest rates to determine whether matching the interest rate exposure of the firm"s operations would be better achieved via a fixed or floating interest rate exposure on the firm"s debt. We measure free cash flow as operating income before depreciation minus investment and normalize this difference by book assets. It is important to include investment in the calculation of free cash flow because we want to estimate how operating cash flow net of investment varies with changes in interest rates.
For example, consider a firm whose operating cash flow and investment opportunities are both positively correlated with interest rates. For these firms, free cash flow is uncorrelated with interest rates -these firms are naturally hedged and therefore less concerned with managing the interest rate exposure of their debt. Contrast that firm with one whose operating cash flow is positively correlated with interest rates but whose investment opportunities are negatively correlated with interest rates. For this firm, free cash flow is positively correlated with interest rates -these firms therefore prefer floating rate debt. The difference between these examples arises from how investment varies with operating cash flow across interest rate environments. This is why it is important to estimate the interest rate sensitivity of post-investment cash flow. 8 Additionally, note that we use a pre-interest expense measure of operating cash flow since we want an estimate of cash flow interest rate sensitivity before incorporating interest rate risk management activities. To estimate each firm"s cash flow interest rate beta, we regress free cash flow for a given year on the average value of 3-month LIBOR during that year. 9 If firms are hedging their interest rate exposure, we would expect firms whose cash flows are positively exposed to interest rates to be more likely to choose a floating interest rate exposure relative to those negatively exposed to interest rates.
Our primary measure of the interest rate environment is the term spread, which we measure as the average difference during the fiscal year between the 3-year swap rate and 3-month LIBOR. Most floating-rate commercial loans are tied to either 3-or 6-month LIBOR so to qualify for hedge accounting treatment their interest rate swap would have to be tied to the corresponding LIBOR rate. The term spread represents the estimated difference in interest rates that the firm would face were it to enter into an interest rate swap. 10 We control for changes in credit market conditions using a measure of the credit spread, defined as the average difference during the fiscal year between the yields on Moody"s Baa and Aaa rated debt, and a measure of the swap spread, defined as the average difference between the 3-year swap rate and the 3-year This variable is meant to capture changes in lending sources over time that may impact firms" initial interest rate exposure.
Turning to the compensation variables of interest, we rely on ExecuComp for detailed disclosures of cash, stock, and stock option compensation for CEOs and CFOs. 11 Following recent literature and using the empirical methodology of Core and Guay (2002), we estimate the delta and vega of each CFO and CEOs stock and option portfolio. Delta is defined as the change in the value of the stock and option portfolio for a 1% change in the stock price. Vega is the change in portfolio value for a one percentage point change in the annualized stock return volatility. 12 To reduce the effect of outliers we winsorize delta and vega at the first and ninetyninth percentiles.
B. Description of the Resulting Data Sample
Panel A of Table 1 reports summary statistics for interest rate swap usage and final floating rate debt for the entire sample. For the mean (median) firm-year in our sample, 41.6%
(33.3%) of the outstanding debt has a floating interest rate exposure. The average swap is equivalent to 6.8% of the firm"s debt, but since some firms swap to floating while others swap to fixed, a net average of 3.4% of the firm-year"s debt is swapped to a fixed interest rate exposure, leaving the average firm-year with 38.3% of floating rate debt. While the mean swap amount may appear relatively small, note that the standard deviation of swap usage is 17.8%, indicating that there is substantial variation across firms and time in the direction and amount of swap usage. Because we are interested in explaining the effects of swap usage on the ultimate interest rate exposure of firms, some of our specifications will only look at those firms that use interest rate swaps at least once during the sample period. The summary statistics for this subsample appear in panel B of Table 1 . The number of observations is reduced by nearly 45% and average swap size correspondingly increases to 12.3% of the firm"s debt. In fact, in untabulated statistics, when we limit our analysis to the 2,999 firm-years in which a swap was used, the average swap corresponds to 25.7% of the outstanding debt. These statistics suggest that when firms do use swaps, the magnitude of their usage is quite large.
<<INSERT Lemmon, Roberts, and Zender (2008) . These statistics suggest that there is much less persistence in swap and floating rate debt usage than in leverage, as well as the importance of analyzing both cross-sectional and time-series variation in firms" use of derivatives. Table 2 reports further summary statistics for variables that we use to explain variation in interest rate risk management. Average 1-year Treasury rate fluctuated widely over our sample period, ranging from a low of 1.5% to a high of 6.2%. The spread between the 3-year swap rate and 3-month LIBOR averaged 93 basis points, ranging from 16 to 207 basis points. The standard deviation of the term spread over this period was 55 basis points, and therefore in most of the economic interpretations of our findings we will look at one percentage point changes in the term spread, just below a two standard deviation movement.
<<INSERT TABLE 2 HERE>>
Consistent with other studies using the ExecuComp data set, the firms in our sample are larger than the average Compustat firm, and more than half of the observations are firm-years in which there was public debt outstanding. Comparing the entire sample in panel A with the subsample of swap users in panel B, we see that swap users are larger, more likely to have access to public debt markets, and engage in few investment expenditures, as a percentage of assets.
The size and capital market access differences are consistent with swap users having greater financial sophistication and a lower cost of accessing derivatives products. Debt usage is rather similar; leverage ratios average 18.5% of the market value of the firm for the entire sample with swap users slightly higher at 20.3%. The median sensitivity of cash flows to short-term interest rates is negative, for the entire sample and for the subsample of swap users, consistent with most firms generating higher cash flows when interest rates are low. If firms are hedging, then the average firm should prefer to use primarily fixed rate debt since floating rate debt would actually increase the variation in their residual cash flow. Looking finally at the compensation variables, a one percent increase in shareholder value increases CFO (CEO) compensation by $55,506
($583,510) and a one percentage point increase in share volatility increases CFO (CEO) compensation by $18,152 ($64,237).
IV. Benchmark Multivariate Analysis
We begin with standard multivariate regression analysis of the determinants of interest rate swap usage without distinguishing between the time-series and cross-sectional variation and using numerous variables that have been previously documented to be correlated with use of derivatives. The objective of reporting these specifications is to provide a benchmark that is comparable to specifications estimated in prior research and against which we can compare the results from our various panel specifications. The first set of results, reported in the first three columns of Table 3 , examines the net share of debt that is swapped to a floating rate exposure.
Firms that are larger use more pay-floating interest rate swaps. Not surprisingly, firms with more floating rate debt outstanding are more likely to swap towards fixed. Otherwise, most of our baseline covariates are not significant in simultaneously explaining the time-series and crosssectional variation in swap usage. Adding macroeconomic variables in column 2, we find that firms swap more to floating when the term structure is steep, consistent with Faulkender (2005), and when floating rate debt comprises a greater percentage of outstanding debt in the macroeconomy. Compensation metrics largely have an insignificant effect on the direction of interest rate swap activity.
<<INSERT TABLE 3 HERE>>
Firms manage interest rate risk both by using interest rate swaps and by selecting the initial interest rate exposure of their debt. The ultimate exposure of the firm"s debt, incorporating both the initial interest sensitivity of the debt and the effects of interest rate swaps, gives the complete measure of the firm"s interest rate risk management activities. Therefore, in columns 4 through 6 we repeat the OLS analysis conducted above using the final floating rate debt share as the dependent variables. Firms with more debt and those that engage in more R&D have less floating rate debt, potentially consistent with interest rate risk being more costly for these types of firms. In addition, firms with rated debt have less floating rate debt, most likely the result of these firms having more corporate bonds in their debt structure, with most bonds having a fixed rate exposure. Most importantly, it does appear that the average firm is matching the interest rate exposure of its liabilities to that of its cash flows, in contrast to the lack of such a finding in Although suggestive, these results are difficult to interpret because they do not distinguish between cross-sectional and time-series variation. They are provided so that they can be compared with previous studies of corporate risk management and to show how a simple OLS approach can be misleading. For example, if a result is entirely driven by the time-series, then a full panel specification that also includes cross-sectional variation may be obscuring its effect.
We therefore move to the results from decomposing the cross-section and time-series variation in swap and floating rate debt usage.
V. Cross-Sectional Variation
Testing the various hedging theories of risk management requires isolating the component of firms" interest rate risk management decisions that is driven by hedging considerations from the component driven by speculative activities. Assuming that the optimal hedge ratio is stable over time and that deviations from it caused by speculative activities average to zero, we can use the between effects and Fama-MacBeth specifications to estimate firms" interest rate hedging activities. Table 4 reports the results, focusing on the share of debt that has a floating interest rate exposure after accounting for interest rate swaps.
<<INSERT TABLE 4 HERE>>
Both the Fama-MacBeth specification in column 1 and the between specification in column 2 suggest that firms do select their average floating rate debt exposure in a manner consistent with hedging. Specifically, the coefficient on the interest rate sensitivity of the firms" net operating and investing cash flows is positive and statistically significant. Firms whose cash flows are positively exposed to interest rates have higher cash flows when interest rates are high and lower cash flows when interest rates are low. By using more floating rate debt, these firms also have higher interest payment when interest rates are high and lower interest payments when interest rates are low. Matching the realizations of their operating and investing cash flows with their interest payments allows these firms to reduce the variation in residual cash flow, thereby minimizing the potential deadweight costs of having significantly negative total cash flow realizations. Conversely, firms whose operating and investing cash flows are negatively exposed to interest rates are best served by having more fixed rated debt. The economic magnitude of this hedging effect, however, is relatively modest. One standard deviation increase in the interest rate sensitivity of operating and investing cash flows increases floating rate debt by 3 * 0.006 = 0.018, or just about 5% of average floating rate debt share. 13 We also find that larger firms, those with a bond rating, those that engage in more R&D, and those with high leverage ratios have significantly less floating rate debt. Because rated publicly-traded debt usually carries a fixed rate whereas bank debt generally carries a floating rate, larger firms with credit ratings are likely to have less floating rate debt if they do not find interest rate risk to be particularly costly or if altering the exposure of their fixed rate bonds via an interest rate swap is sufficiently costly. If higher leverage and more R&D intense firms find floating rate debt more risky than fixed rate obligations, these results could also be consistent with hedging. However, it is arguably the interaction of these variables with the interest rate sensitivity of the firm"s operating and investing cash flows that is more relevant, specifications that we estimate below.
Before proceeding to the interaction terms, we examine the role of compensation in determining the average interest rate exposure firms choose by adding the estimated delta of the CFOs compensation contract as another independent variable. The results are provided in column 3. We look at the CFO since this executive is more likely to be involved in selecting the firm"s interest rate exposure. 14 We find that compensation incentives do appear to affect the firms" average interest rate exposure. Firms whose CFOs have higher stock price sensitivity on average over the sample period use significantly more floating rate debt, the opposite of the finding documented by Chava and Purnanadam (2007) . This finding is difficult to reconcile with a hedging motivation, an issue we will return to below.
13 Interest rate sensitivity of 3 indicates that operating and investing cash flows increase by 3% of assets for each percentage point increase in 3-month LIBOR. 14 We get similar results using CEO delta.
If firms are hedging because it is costly to fund investment opportunities with external finance, then firms with the greatest investment expenditures should have the strongest incentive to match the interest rate exposure of their debt to that of their cash flows. We test this hypothesis by interacting various measures of investment with the interest rate sensitivity of the firm cash flow and adding these interaction terms to the between specifications. Columns 4 and 5
of Table 4 report the results. Firms that engage in significant capital expenditures have significantly higher matching of the interest rate exposures of their debt and cash flows.
Specifically, the floating rate debt share of firms whose capital expenditures are twice the sample of mean of 7% is almost three times as sensitive to the interest rate exposure of their cash flows (0.097 * 0.14 -0.003 = 0.011) as the floating rate debt share of firms whose capital expenditures are at the sample mean (0.097 * 0.07 -0.003 = 0.004). In contrast to the results for capital expenditures, the coefficient on the interaction term with R&D is not statistically significant.
Note, however, that the R&D variable by itself retains its significantly negative coefficient, consistent with R&D intensive firms finding floating rate debt to be more costly than fixed rate debt regardless of our estimate of their sensitivity to interest rates.
Firms may also be matching the interest rate sensitivity of their debt to their cash flows to reduce the costs of financial distress (Smith and Stulz (1985) ). If that is the case, then we should see that highly levered firms with lower Z-scores engage in greater matching. Columns 6 and 7 present the results of interacting the interest rate sensitivity of the firm"s cash flows with leverage and Z-score. We do not find that more levered firms with lower Z-scores have more matching of their liabilities to their cash flows, but highly levered firms do continue to have less floating rate debt. Overall our results are more consistent with firms hedging to avoid relying on costly external capital (Froot, Scharfstein, and Stein (1993) ) than they are with hedging to minimize the costs of financial distress (Smith and Stulz (1985) ) or to take advantage of the tax deductibility of interest (Graham and Rogers (2003) ).
Finally, to see if the compensation structure of senior management is associated with firm hedging behavior, we include an interaction of our cash flow beta with the CFO delta. We again do not find support for the hypothesis that performance sensitive compensation contracts encourage hedging. Firms with high CFO delta are no more likely to match the interest rate exposure of their liabilities to their operating cash flows. High average CFO deltas continue to be associated with greater use of floating rate debt.
VI. Time-Series Variation
We now turn to explaining the time-series variation in the share of floating rate debt, which we argue captures firms" speculative activities. Table 5 reports the results of firm fixed effects specifications. 15 The coefficient on leverage is now significantly positive, compared to being significantly negative in the between specifications of Table 4 . Although highly levered firms on average have less floating rate debt, when firm leverage is above its firm-specific average, firms actually use more floating rate debt. In addition, the coefficient on capital expenditures is significantly positive indicating that even though high capital expenditure firms seem to be hedging, their use of floating rate debt increases when capital expenditures are high.
These results may indicate that when firms rely on external financing to fund investment opportunities, they may be more likely to use floating rate bank debt at the time the investments are made. This would explain why floating rate debt increases with both capital expenditures and leverage. Long-term debt retains its significantly negative coefficient found in the between regressions, indicating that long-term debt is more likely to have a fixed rate exposure.
<<INSERT The share of debt in the macroeconomy that is floating and the swap spread, the difference between the 3-year swap rate and the 3-year Treasury note, are also significant in explaining the time-series variation in floating rate debt.
A. Executive Compensation and Interest Rate Timing
To determine whether variation in executive compensation is correlated with the portion of firm debt that is floating in the time series, we add CFO delta and vega as covariates to our baseline specification. We find that neither measure corresponds to significantly different floating rate debt usage. In other words, when a particular firm"s CFO delta is above its average, that firm is no more likely to increase its use of floating rate debt than when the CFO"s delta is below its average. This makes sense since most of the variation in delta and vega are in the cross-section, not the time-series.
Instead, the way to look for time series variation resulting from compensation-induced speculation is to include a measure of the interest rate view of the firm since it is changes in 16 In untabulated results, we separately run these regression specifications where the dependent variable is the interest rate exposure of the underlying debt and then the signed interest rate swap usage. The findings indicate that most of the timing activity is coming from the time series variation in interest rate swap activity. 17 These results are robust to using treasury yields instead of LIBOR yields and to alternative maturities (results available upon request).
where the firm thinks interest rates are going that would lead to changes in the firm"s chosen interest rate exposure. The term structure results in column 2 are consistent with the yield curve capturing some of those expected movements in interest rates on the part of firms. To assess the role of compensation in interest rate speculation, we ask whether firms with performance sensitive compensation contracts engage in more interest rate timing than others. Similar to the interaction terms used in the between regressions, we interact measures of compensation with the term structure to find out which characteristics are associated with greater speculation. Results are reported in columns 4 and 5 of Table 5 .
We find that higher delta and vega (the results hold for the CEO as well) correspond to greater sensitivity of floating rate debt usage to the term structure. For a firm with the mean value of CFO delta in our sample, we see that when the spread between the three year swap rate and the 3-month LIBOR is 3% higher, the use of floating rate debt is also higher by 2.06% of outstanding debt. When the CFO delta is one standard deviation above the sample mean, the same 1% higher term spread is associated with greater floating rate debt usage by 4.40% (= 2.06 + 2.34), a 114% increase in the sensitivity of floating rate debt to the term structure. Similarly, when the CFO delta is one standard deviation below the sample mean, the same 1% higher term spread is associated with less floating rate debt usage, equivalent to 0.28% (= 2.06 -2.34) of outstanding debt, though not significantly different from zero.
While the coefficient on CFO delta itself is also marginally statistically significant, this coefficient corresponds to the effect of CFO delta on the choice of floating rate debt share when the term spread is zero. For the average macroeconomic conditions during our sample period (the mean term spread is 93.3 basis points), a one standard deviation increase in CFO delta is actually associated with higher floating rate debt, by 0.77% ( = -1.4% + 2.34 * 0.933%) of outstanding debt. These results are consistent with the findings in Table 4 showing that the average relationship between CFO delta and the average floating rate percentage was positive. Since the average term spread during the sample period was nearly a full percentage point and CFO delta is associated with greater use of floating rate debt when the term structure is steep, it follows that firms with greater CFO delta on average should have had more floating rate debt over our sample period. In untabulated results, we find these results to be even stronger when we solely focus on interest rate swap usage, conditional on using interest rate swaps at any time during our sample period. These stronger results are consistent with interest rate swaps being a less expensive way for firms to speculate on movements in interest rates than would be altering their outstanding debt composition. Overall, our results suggest that firms with more high-powered compensation structures engage in more speculation, consistent with the survey evidence documented in Geczy, Minton, and Schrand (2007) .
An alternative methodology for estimating speculative effects related to movements in the term structure is to estimate how sensitive firm"s interest rate risk management choice is to movements in the term structure. 18 As stated above, firms primarily alter their interest rate exposure over time via their interest rate swap transactions. Therefore, we estimate firm specific sensitivities by regressing the firm"s realized interest rate swap position on LIBOR. We then estimate the cross-sectional variation in these sensitivities related to the sample period averages of various characteristics, including compensation structure. This approach asks whether firms with more performance sensitive compensation structures have greater adjustments in their use of interest rate swaps with increases in the term spread. Table 6 reports the results of this approach. While none of the other control variables we use in our earlier specifications are statistically significant, we do find positive and statistically significant coefficients on all four compensation variables. Firms with more performance sensitive compensation arrangements have greater average increases in their floating rate swap usage with increases in the term structure than firms whose compensation contracts are less sensitive to performance. Overall, results from alternative econometric specifications document that high-powered compensation structures are more consistent with inducing speculation than with affecting hedging.
<<INSERT TABLE 6 HERE>>
B. Earnings Management and Interest Rate Timing
Faulkender (2005) argues that firms may also be timing the term structure to manage earnings. We test this hypothesis by interacting the term spread with various measures of earnings management. The stock market"s asymmetric reaction to earnings announcements around the consensus analyst forecast has led some researchers to hypothesize that firms are more likely to manipulate their earnings when it enables them to report earnings at or just above the consensus analyst forecast (such as Burgstahler and Dichev, 1997 , Kasznik and McNichols, 2002 , Bartov, Givoly, and Hayn, 2002 , and Matsumoto, 2002 . We calculate whether the firm would have missed its EPS forecast if it kept its final floating rate debt percentage at the prior year level, but would have met the earnings forecasts if it set the final floating rate debt percentage to 100%. 19 In other words, would altering the interest rate exposure of the firm"s debt (most likely through the use of interest rate swaps) allow them to make their earnings forecast which they would otherwise miss, ceteris paribus? We then estimate whether changes in the interest rate exposure of outstanding debt are more sensitive to the term structure for those firm-years in which increases in the amount of floating rate debt used by the firm would enable the firm to meet its consensus analyst earnings forecast relative to those for which such a change would not alter their ability to meet consensus analyst forecast. If firms are not managing earnings via their interest rate risk management practices, we should find no difference in floating rate debt usage among these two groups. The results are located in Table 7 .
<<INSERT TABLE 7 HERE>>
We find a difference -firms for which increases in the share of floating rate debt would enable the firm to meet its consensus analyst earnings forecast have floating rate debt usage and floating rate swap usage that are significantly more sensitive to movements in the term structure (columns 1 and 3, respectively). Statistically, this difference is significant at better than one percent. Economically, firms that did not need to adjust their floating rate debt usage to meet their earnings forecast are estimated to have 0.89% more of their total debt outstanding have a floating interest rate exposure for a one percent increase in the yield spread. However, for the firm-years in which a movement to all of the firm"s debt having a floating rate exposure would allow them to meet their forecast (that they would otherwise miss), we estimate 9.44% (= 0.89% + 8.55%) more debt with a floating rate exposure for that same one percent increase in the yield spread. The magnitudes are statistically and economically similar when we focus on interest rate swap usage.
Alternatively, we examine the relationship between the sensitivity of floating rate debt usage to the term spread and the use of discretionary accruals. Because these are potentially earnings management substitutes, firms that can manipulate earnings using discretionary accruals have less incentive to try to meet their earnings forecasts by altering the interest rate exposure of their debt. The results presented in columns 2 and 4 of Table 7 are consistent with this argument.
The sensitivity of floating rate debt usage and interest rate swap usage to the term spread is significantly lower for firms with higher discretionary accruals than for firms reducing their use of discretionary accruals. Economically, firms with the sample mean level of discretionary accruals (-0.5% of lagged assets) are estimated to have 1.22% more floating rate debt for each 1% increase in the swap yield spread. By comparison, firm-years in which reported earnings were managed upwards by 7.8% of lagged assets (a one standard deviation increase in discretionary accruals), have an estimated sensitivity of floating rate debt usage to the swap yield spread of only 0.07%. 20 The estimated effects are even larger in magnitude for interest rate swap activity. We caution that these specifications assume that debt composition and interest rate swap activities are a function of the level of discretionary accruals. It is more likely that the choices are made simultaneously or that the causation goes in the opposite direction (that greater floating rate debt and swap usage in a steep term structure environment reduces the need to increase discretionary accruals). Still, the findings are consistent with short-term earnings considerations affecting non-financial firms" interest rate risk management policy.
VII. Conclusion
Interest rate risk management decisions of non-financial firms are determined by both hedging and speculative motivations. We decompose interest rate risk management activities into their cross-sectional and time-series components. This decomposition is only possible when a panel data set is employed. Assuming that the optimal hedge ratio is stable over time, the cross-sectional component identifies which firm characteristics are associated with hedging while the time-series variation is more likely to result from speculation. Our results demonstrate 20 Recall that for our continuous variables with which we generate interaction terms, we standardize the variable to represent the number of standard deviations it is away from the variable"s mean value for the entire sample. The coefficient estimates for the interaction terms thereby represent the difference in interest rate sensitivity of swap usage for a one standard deviation move in the corresponding variable.
that some previously documented findings that were characterized as hedging instead appear to be more consistent with speculation. Additionally, some of our results do not appear in the pooled specifications due to the simultaneous estimation of hedging and speculative activities.
However when these two components are separately estimated, they emerge strongly. We conclude that true identification of how and why firms use derivatives necessitates the use of panel data and decompositions similar to the ones we employ. Our work also demonstrates that examinations of firm derivatives usage to engage in speculative activities do not need to rely on survey evidence like that documented in Geczy, Minton, and Schrand (2007) .
Our cross-sectional results are consistent with firms hedging to reduce their need to access external capital markets to fund investment opportunities (Froot, Scharfstein, and Stein (1993) ). Our results are less consistent with firms hedging to mitigate the costs of financial distress or tax rate convexity (Smith and Stulz (1985) ). The time-series results are consistent with firms altering their use of interest rate swaps and floating rate debt over time with movements in the term structure. The incentives to time swap and floating rate debt usage are particular strong when executives have high powered incentives and when adjusting floating rate debt exposure can enable firms to meet analyst earnings forecasts.
These results are especially timely given the changes in the regulatory landscape currently under consideration by policy makers, particularly for financial derivatives. Because firms use derivative to both hedge and speculate, regulators need to make sure that any regulatory changes continue to enable firms to use derivatives for risk management but do not make it too easy to disguise speculative activities as hedging transactions.
Data Appendix
We now discuss in more detail how interest rate swap and floating-rate long-term debt data were hand-collected and coded. Starting in 1990, the Statement of Financial Accounting Standards (SFAS) 105 required detailed disclosures about the amounts, nature, and terms of financial derivative instruments with off-balance-sheet risk of accounting loss, which include interest rate swaps. 21 Because of these reporting standards, we are generally able to determine whether a firm used any interest rate swaps during a fiscal year and if so, the notional amounts and directions of interest rate swaps outstanding at the end of the fiscal year. Since the variable we are ultimately interested in is the net percentage of the firm's debt that is swapped to floating, we record only debt-related interest rate swaps effective at the end of each fiscal year. Thus we exclude the notional amounts of 1) swaps reported as hedging non-debt items such as investments, preferred stock, operating leases, etc. and 2) forward-starting interest rate swaps. Some firms, in addition to plain interest rate swaps, report using combined currency interest rate swaps. Most of these do not modify the nature of the firm"s interest rate exposure and hence are not included in our swap variables. However, those swaps that change both currency and interest rate exposure of the firm"s debt are included.
To measure the amount of floating-rate long-term debt outstanding at the end of the fiscal year, we study interest rate risk discussions usually found in Item 7A "Quantitative and Qualitative Disclosures about Market Risk" and in the long-term debt footnote of the 10-K. We get our most precise estimates of floating-rate long-term debt for those firm-years that include a table reporting principal amounts of long-term debt obligations broken down by year of maturity and interest rate exposure. A sample table, taken from Black Hills Corporation"s 2003 10-K is shown below. By examining individual debt instruments reported in the long-term debt footnote, we double-check that the firm"s classification of its debt as either variable or fixed is consistent with our own classification criteria.
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21 While accounting standards have changed over the sample period related to the qualifications for using hedge accounting treatment (see SFAS 119 and 133), it was rather straightforward under all of the different regimes to classify interest rate swaps transforming debt from a floating to a fixed interest rate exposure (and vice-versa) as hedges for hedge accounting treatment. Most swaps by firms in the sample are structured to fit under the "shortcut accounting method" which requires the swap to fulfill seven conditions including most importantly that "the index on which the variable leg of the swap is based matches the benchmark interest rate" on the liability (Trombley, 2003) . This is important because hedge accounting treatment enables the firm to avoid marking the swaps to market on their financial statements. If the derivative were marked-to-market, the changes in value would also be accounted for in earnings, meaning that interest rate movements would impact earnings by more than just the difference in interest rates between short-and long-term debt. If the firm would like to swap less than the full amount of the corresponding debt, the short-cut method may still be applied provided that all other criteria are satisfied (http://www.fasb.org/derivatives/issuee10.shtml), and can therefore still claim hedge accounting treatment. Since the swaps in our sample were held for hedging purposes, we only concern ourselves with the differences in interest costs under fixed versus floating exposures. 22 Some firms, for example, report commercial paper and credit facilities classified as long-term debt as fixed-rate instruments, even though due to their short-term nature, they should be treated as floating. The table below presents principal (or notional) amounts and related weighted average interest rates by year of maturity for our short-term investments and long-term debt obligations, including current maturities (in thousands).
(a) Approximately 32.5 percent of the variable rate long-term debt has been hedged with interest rate swaps moving the floating rates to fixed rates with an average interest rate of 4.62 percent.
Table A1
When no table similar to the one above is included in the 10-K, classifying long-term debt instruments as either floating-or fixed-rate requires some subjective decisions on our part. In general, we are conservative in classifying long-term debt as floating, i.e., by treating most instruments as fixed unless explicitly reported otherwise, we bias our data against finding any results in the regressions of the percentage of total debt that is floating. More specifically, our default assumptions, unless the 10-K explicitly reports otherwise, are that:  commercial paper, credit facilities, and short-term debt classified as long-term are floating rate;  bank loans are floating rate;  bonds, industrial revenue bonds, debentures, and notes are fixed rate;  capital leases are treated as fixed rate; 23  "other" is treated as fixed rate.
An example of our application of these assumptions is shown below. Because we examine firms" 10-Ks over time, we believe that we are able to make more accurate judgments, taking 23 In unreported regressions, we classified all capital leases as floating-rate and obtained similar results.
into consideration changes in the reported interest rates paid on various instruments and disclosures made in some years but not in others.
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Table A2
The following table from Pennzoil-Quaker State Company's 2000 10-K filed on March 20, 2001 provides an example of the disclosure of long-term debt instruments in the long-term debt footnote and of our classification of long-term debt instruments as either floating or fixed rate.
Debt outstanding was as follows:
December 31 According to our classification criteria: 1) debentures and notes are recorded as fixed rate; 2) commercial paper, revolving credit facility, international debt facilities, and other variable-rate credit arrangement with banks are recorded as floating rate;
3) absent explicit discussion, pollution control bonds would have been recorded as fixed rate; however, in this particular case, the footnote specifically states that in 2000, 11,800 pollution control bonds carry a fixed interest rate and 38,722 carry floating interest rates; 4) other debt is recorded as fixed rate; 5) total debt in Compustat includes 67,678 in capital lease obligations, which are recorded as fixed rate. 24 To verify the reliability of our estimation procedure, we compared our estimates of the percentage of debt with a floating interest rate exposure to Compustat Data148, "Long-Term Debt Tied to Prime." There is a high correlation (0.882) between the two. However, we believe that we have a much better measure of floating-rate debt because Compustat Data148 a) is missing for 37.6% of our observations, b) appears to be inconsistent about whether interest rate swap effects are taken into account, and c) sometimes ignores certain items such as commercial paper and credit lines which should be treated as floating. In terms of the effects of our results, we used this measure in unreported regressions and find that swap usage results are not affected, as expected, but the results for the percentage of debt that has a floating-rate exposure are weaker. This is consistent with having fewer observations and with the measure having greater noise. The sample of non-financial firms in the ExecuComp data set.
The sample period is June 1993 -May 2003. Swap users are firms that use interest rate swaps at least once during the sample period. In Panel B, *, **, and *** indicate statistically significant differences at 10%, 5%, and 1%, respectively, between swap users and non-users. Leverage is total debt divided by the market value of the firm, calculated as book assets minus book equity plus the market value of equity. Debt or CP rating is a binary variable equal to one if the firm has a debt or commercial paper rating. Missing values of R&D expenditures are treated as zeros. Cash flow interest rate beta is the beta from regressing free cash flow to assets ratio on the average value of the 3-month LIBOR during the fiscal year. Cash flow interest rate beta is estimated using at least five observations. Firm-specific term spread beta is the firm-specific sensitivity of swap usage to the term spread, estimated using at least five observations. Delta is the change (in thousands of dollars) in the value of stock and option portfolio for a 1% change in the stock price. Vega is the change (in thousands of dollars) in the value of stock and option portfolio for a 0.01 change in the annualized standard deviation of stock returns. Delta and Vega are calculated using Core and Guay (2002) one-year approximation method. Term spread is the average spread between the 3-year swap rate and the 3-month LIBOR during the fiscal year. Credit spread is the average difference between Moody's Baa and Aaa rated debt during the fiscal year. Swap spread is the average difference between the 3-year swap rate and the 3-year Treasury note during the fiscal year. Economy-wide floating rate debt is the ratio of commercial paper and bank loan liabilities to the sum of commercial paper, bank loan, and corporate bond liabilities of nonfarm, nonfinancial corporate businesses, as reported in This table reports the results of OLS regressions of swap usage and final floating rate debt percentage. Swapped to floating is the percentage of outstanding debt that is swapped to a floating interest rate. Final floating rate debt is the percentage of outstanding debt that is floating after accounting for the effect of interest rate swaps. Swap usage regressions in columns 1-3 are estimated using the sample of swap users, firms that use interest rate swaps at least once during the sample period. Final floating rate debt regressions in columns 4-6 are estimated using the full sample. The sample period is June 1993 -May 2003. Cash flow interest rate beta is the beta from regressing free cash flow to assets ratio on the average value of the 3-month LIBOR during the fiscal year. Cash flow interest rate beta is estimated using at least five observations. Long-term debt is the percentage of outstanding debt that has more than five years to maturity. Standard errors are adjusted for clustering by firm. *, **, and *** denote statistical significance at 10%, 5%, and 1%. This table reports the results of regressions explaining the time-series variation in final floating rate debt percentage. Final floating rate debt is the percentage of outstanding debt that is floating after accounting for the effect of interest rate swaps. Delta and Vega are standardized so that the interaction term coefficient measures the change in the sensitivity of swap usage to term spread due to one standard deviation change in Delta or Vega. Firm fixed effects are included in all specifications. Standard errors are adjusted for clustering by firm. *, **, and *** denote statistical significance at 10%, 5%, and 1%.
(1) This table reports the results of regressing firm-specific sensivities of swap usage to term spread on firm characteristics. Firm-specific sensitivities are estimated from univariate regressions of swap usage on term spread using at least five observations. All explanatory variables are standardized values of firm-level means and thus represent the effect of one standard deviation change in the firm-level mean. Robust standard errors are reported. *, **, and *** denote statistical significance at 10%, 5%, and 1%.
(1) This table reports the results of earnings management hypotheses tests. The dependent variable in columns 1 and 2 is the percentage of outstanding debt that is floating after accounting for the effect of interest rate swaps. The dependent variable in columns 3 and 4 is the percentage of outstanding debt that is swapped to floating rate. EPS close is a binary variable equal to one when a firm would have missed its earnings forecast using the lagged value of floating rate debt percentage but would have met its earnings forecast if all of its debt was floating. Discretionary accruals are calculated using a modified version of the Jones (1991) model (see for instance Dechow et al (1995) ). Discretionary accruals are first scaled by lagged total assets and then standardized so that the interaction term coefficient measures the change in the sensitivity of swap usage to term spread due to one standard deviation change in discretionary accruals. Firm fixed effects are included in all specifications. Standard errors are adjusted for clustering by firm. *, **, and *** denote statistical significance at 10%, 5%, and 1%. 
